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Compositions and Insulation Bodies Having Low Thermal 

Conductivity 

Field of the Tnypnt-^r^n- 

The present invention relates to compositions with 
improved thermal conductivity properties. The present 
invention also relates to insulation bodies comprising the 
compositions . 

BackarniiTirj ■ 

Insulation materials are currently utilized in 
applications which include windows, buildings, appliances 
as well as other industrial and home equipment, one type' 
of insulation is -powder- in- vacuum" insulation, wherein a 
vacuum space is filled with a particulate insulating 
composition, such as a powder. Powder -in -vacuum insulation 
may be utilized in insulation panels, in applications 
including home and industrial appliances, including 
refrigerators, water heaters, and equipment for the storage 
and transport of high and low temperature liquids. 

The terminology "vacuum panel" or "vacuum insulation 
panel" may be utilized to describe powder- in- vacuum 
insulation, e.g. an insulation structure having reduced 
internal pressure. Vacuum insulation panels generally 
comprise an insulating composition and a vessel formed of a 
substantially impermeable film surrounding the filler 
material . The vessel is generally evacuated to an internal 
pressure below atmospheric pressure aUd hermetically 
sealed. m addition to providing insulating value, the 
functions of the insulating composition include supporting 
the skin of the vessel so that the vessel does not collapse 
during evacuation. 

Vacuum insulation panels may be advantageously 
utilized in insulation applications including the walls of 
the refrigeration appliances, it is advantageous for such 
panels to remain effective for the life of the appliance, 
which may exceed 20 years. 
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The insulating characteristics of a vacuum panel are a 
function of the thermal conductivity of the particulate 
composition utilized and the degree of vacuum established 
and maintained. 

There are at least several difficulties which may be 
encountered in the use of an insulating system in which a 
vacuum space is filled with an insulation material . m 
general, greater insulating values are achieved at vacuum 
levels farther beneath ambient, or put another way, thermal 
conductivity increases with increasing absolute pressure. 
As a result, manufacturing costs are increased by the need 
to establish vacuum levels farther beneath ambient (low 
absolute pressures), to provide a greater initial 
insulating value (lower thermal conductivity) and to 
minimize the reduction of the insulating value as a result 
of the loss of vacuum level through leaJcage, temperature 
increase and/or insulation material off -gassing. in 
addition, manufacturing and production costs are increased 
by the need for substantially gas impermeable barrier 
materials {e.g. vacuum bags) which will hold the insulation 
material, and maintain low vacuum levels. 

It would be advantageous to have compositions which 
achieve improved thermal conductivities. Such compositions 
would be advantageous for use in insulation structures 
including, but not limited to, insulation panels having 
reduced internal pressures or other forms of powder- in- 
vacuum insulation. v 

It would also be advantageous to have a composition 
which achieves a thermal conductivity value satisfactory 
for use in general insulation applications, at a vacuum 
level closer to ambient pressure than heretofore known 
insulating materials to thereby lower the production and 
manufacturing costs associated with establishing vacuum 
levels farther from ambient conditions, and the need for 
highly impermeable barrier materials, to maintain the 
vacuum levels. Such an insulating composition may 
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advantageously increase the useful lifetime of the 
insulation structure. 

The present invention provides a particulate 
composition which under 103421 Pa (15 psi) load, at 20° c 
(Celsius) , and at a pressure (P) within the range of 
133.322 - 13332.2 Pa (l-ioo Torr) . in Nitrogen has.- 
a packing density of less than or equal to 160 
kilograms per cubic meter {kg/rn^) and 

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of 
less than or equal to 0.2601nP + 4.53 miUiWatt/meterK 
(mW/m.K) (TC i (0.2601nP +4.53) mW/m.K) and a TC at 
1333.322-13332.2 Pa of less than or equal to (0.8241nP + 
0.47) mW/m.K (TC i (0.824lnP + 0.47) mW/m.K) . 

in accordance with one aspect of the present invention 
there is provided a particulate composition which under a 
103421 Pa load, at 20" C, and at a pressure of 133.322 Pa 
(1 Torr) , in Nitrogen, has: 

a packing density of less than or equal to 160 ka/n? 
and ' 

a TC of less than or equal to 5.8 mW/m.K. 

in accordance with another aspect of the present 
invention there is provided a particulate composition which 
under a 103421 Pa load, at 20- C, and at a pressure of 
1333.22 Pa (10 Torr), in Nitrogen, has : 

a packing density of less than or equal to 160 kq/m^ 
and " ' 

a TC of less than or equal to 6.4 mW/m.K. 

In accordance with a further aspect of the present 
invention there is provided a particulate composition which 
under a 103421 Pa load, at 20" C, and at a pressure of 
13332.2 Pa (100 Torr), in Nitrogen, has : 

a packing density of less than or equal to 160 ka/m^ 
and ^ ' 

a TC of less than or equal to 9 mW/m»K. 
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In accordance wich a further aspect of the present 
invention there is provided a particulate composition which 
under 103421 Pa (15 psi) load, at 20<> C, and at any 
pressure (P) range of 133.322 - 13332.2 Pa (1-100 Torr) , in 
5 Nitrogen, has : 

a packing density of less than or equal to 160 kg/m^ 

and 

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of 
less than or equal to 0.2601nP +4.53 milliWatt/meterK 
10 (mW/m.K) (TC < (a.2601nP + 4.53) mW/m-K) and a TC at 

1333.322-13332.2 Pa of less than or equal to (0.824lnP + 
0.47) mW/m.K (TC ^ (0.824lnP ^ 0.47) mW/m*K) . 

As used herein with reference to the compositions of 
-the present invention "particulate" refers to a non- 
monolithic structure comprising discrete particles, 
granules, fibers and/or mixtures thereof. A preferred 
composition of the present invention is a gel composition. 

in accordance with a further aspect of the present 
invention there is provided a gel composition produced 
without supercritical drying having a porosity of greater 
than or equal to 0.95 and a rod density of less than or 
equal to 100 kg/m^. 

The present invention also provides an insulation body 
comprising a composition of the present invention. 

The features and advantages of the compositions and 
insulation of the present invention will become apparent 
from the following more detailed d^cription. 

Brief Dftffrrint-ion of t-h ^ nr-atfj^ ^,^. 

Figure 1 provides a graphical depiction of the 
formulas utilized in the description of the present 
invention. 

Figure 2 depicts a vacuum insulation panel embodiment 
of an insulation body of the present invention. - 

Figure 3 depicts an embodiment of an apparatus 
utilized in analyzing Thermal Conductivity. 
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Figure 4 depicts an embodiment of an apparatus for 
placing a composition under a 103421 Pascals (Pa) load for 
determining packing density and TC under load. 

Figure 5 is a schematic illustration of the example of 
5 a process for producing gel compositions described in the 
Examples herein. 

Figure 6 is a graphical representation of a particle 
size distribution produced utilizing the laboratory 
equipment described in the Examples herein. 
10 Figure 7 is a graphical representation of the thermal 

conductivity (TC) of different materials and is discussed 
in Example 1 below. 

Figure 8 is another graphical representation of the 
thermal conductivity (TC) of different materials discussed 
15 m Example l below. 

Figure 9 is a graphical representation of the thermal 
conductivity (TC) of materials which differ in packing 
density, and is discussed in Example 2 below. 

Figure lO is a graphical representation of the thermal 
20 conductivity (TC) of materials which differ in particle 
size and is discussed in Example 3 below. 

Figure 11 is a graphical representation of the thermal 
conductivity (TC) of materials which differ in the type and 
presence of an opacifying agent and is discussed in Example 
4 Joelow. ^ 

Figure 12 is a graphical representation of the thermal 
conductivity (TC) of materials which-differ in the type and 
presence of a carbon black opacifying agent and is 
discussed in Example 5 below. 
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Petri ilpri Pescrinrion of t-h^ yny^nrin n 

The present invention provides a particulate 
composition which under 103421 Pa (15 psi) load, at 20" c 
(Celsius), and at a pressure (P) within the range of 
133.322 - 13332.2 Pa (1-100 Torr) , in Nitrogen, has ■ 
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a packing density of less than or equal to 160 kg/m^ 
preferably less than or equal to 140 kg/m\ more preferably 
10-120 kg/m^ and 

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of 
less than or equal to 0.2601nP +4.53 milliWatt/meterK 
<mW/m.K> (TC ^ (0.2601nP + 4.53) mW/n,.K) , preferably less 
than or equal to (0.3041nP + 3.91) mW/m-K (TC ^ (0.3041nP + 
3.91) mW/m.K) and a TC at 1333.322-13332.2 Pa of less than 
or equal to (0.8241nP + 0.47) mW/m.K (TC ^ (0.8241nP + 
0.47) mW/m.K), preferably less than or equal to (0.8251nP + 
0.15) mW/m.K {TC s. (0.8251nP + 0.16) mW/m.R) . 

in formulas utilized herein "In" refers to the natural 
log (logel=lnl=0) . 

Figure 1 provides a graphical depiction of the 
formulas utilized herein in describing compositions of the 
present invention. The upper curves in Figure i represent 
TC = (0.2601nP +4.53) mW/m-K at 133.322-1333.322 Pa and TC 
= {0.8241nP + 0.47) mW/m-K at 1333.322-13332.2 Pa. The 
lower curves in Figure 1 represent TC = (0.3041nP + 3 91) 
mW/n,.K at 133.322-1333.322 Pa and TC = (0.8251nP + 0 16) 
mW/m«K at 1333.322-13332.2 Pa. 

In accordance with one aspect of the present invention 
there is provided a particulate composition which under a 
103421 Pa load, at 20« C, and at a pressure of 133.322 Pa 
25 (1 Torr) , in Nitrogen, has: 

a packing density of less than^or equal to 160 kg/m^ 
preferably less than or equal to 14rkg/m3, more preferably 
10-120 kg/rn^ and 

a TC of less than or equal to 5.8 mW/m.K, preferably 
30 less than or equal to 5.4 mW/m«K. 

In accordance with another aspect of the present 
invention there is provided a particulate composition which 
under a 103421 Pa load, at 20- C, and at a pressure of 
1333.22 Pa (10 Torr), in Nitrogen, has: 
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a packing density of less than or equal to 160 kg/m^ 
preferably less than or equal to 14 0 kg/m3, more preferably 
10-120 kg/m^ and 

a TC of less than or. equal to 6.4 mW/m.K, preferably 
less than or equal to 6.1 mW/m»K. 

In accordance with a further aspect of the present 
invention there is provided a particulate composition which 
under a 103421 Pa load, at 20- c, and at a pressure of 
13332.2 Pa (100 Torr) , in Nitrogen, has: 

a packing density of less than or equal to 160 kg/m^ 
preferably less than or equal to 140 kg/m^, „ore preferably 
10-120 kg/rtr and 

a TC of less than or equal to 9 mW/m.K, preferably 
less than or equal to 8 mW/ni»K. 

In accordance with a further aspect of the present 
invention there is provided a particulate composition which 
under 103421 Pa (15 psi) load, at 20- c. and at any 
pressure (P) range of 133.322 - 13332.2 Pa (i-ioo Torr), in 
Nitrogen, has : 

a packing density of less than or equal to Igo kg/m^ 
preferably less than or equal to 140 kg/m^ more preferably 
10-120 kg/ and 

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of 
less than or equal to 0.2601nP +4.53 milliWatt/meterK 
<mW/m.K) (TC ^ (0.2601nP * 4.53) mW/m.K) , preferably less 
than or equal to (0.304lnP + 3.91) rtW/m.K (TC s. (0.3041nP + 
3.91) mw/m.K) and a TC at 1333.322-13332.2 Pa of less than 
or equal to (0.824lnP + 0.47) mW/m-K (TC ^ (0.8241nP + 
0.47) mw/m.K), preferably less than or equal to (0.8251nP + 
O.IS) mw/m.K (TC s. (0.8251nP + o.i6) mW/m-K) . 

The foregoing description of the compositions of the 
present invention is provided with reference to selected 
pressures, including pressures within the range of 133 322 
- 13332.2 Pa (i-ioo Torr) . The selected pressure refers to 
the pressure within the vacuum chamber utilized in 
determining the TC of the composition. 
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The compositions of the present invention may be 
advantageously utilized as an insulation material to reduce 
heat transmission in insulation applications which include 
but are not limited to panels (e.g. powder in vacuum 
panels), blankets, walls, housings and the like. 

The compositions of the present invention are 
particularly advantageous for use as an insulating material 
xn a structure under vacuum, for example in a vacuum bag 
such as those utilized in vacuum panels. 

Thermal conductivity ("TC") is a measure of the 
thermal insulating capabilities of a material. TC may be 
expressed as milliwatt per meter K (mW/m.K) in SI units and 
as (BTU) (inch) per (hour) (square feet) Cf) in English 
units. Greater numerical values of TC correspond to 
greater thermal conductivity and lower insulating ability 
Lower numerical values of thermal conductivity correspond 
to greater insulating ability. 

TC is the inverse of thermal resistivity. Thermal 
resistivity may be reported as (meter) (K) /milliwatt in SI 
units and as (hour) (square feet) (<>F) per (BTU) (inch) in 
English units, often commonly referred to R-Value/inch 
Greater numerical values of thermal resistivity correspond 
to greater insulating ability, and thus lower TC. 

The TC values described and reported herein may be 
easily converted to thermal resistivity values utilizing 
the following formula: 

thermal resistivity = i/TC. >• 

For a porous particulate composition TC may vary as a 
function of the environmental conditions, such as the 
atmosphere, temperature and pressure which surround and/or 
fills the pores. For example, in insulation wherein an 
insulating composition is under vacuum, TC will be affected 
by the degree of vacuum established and maintained. 

More details relating to TC are set forth in- ASTM 
Terminology Standard C-1S8. The Thermal Conductivity (TC) 
values reported herein were determined in the manner known 
m the art utilizing ASTM Test Procedure C1H4-92. More 
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details relating co the Drnr-f^Hnv^ 

set forth below P-^^^-^ for determining TC are 

Packing density refers to the mass or weight of the 
co.po..,.on divided by its .olun.e. The .ass or weight of 
5 the co.pos.tion, and its volume may be determined u^ili^L 
conventional techniques. ^JCiUzmg 

The utility of an insulating composition will depend 
in part on its density at a desired TC. Denser 
compositions would require that more material be used to 
3 ac..eve a desired degree of insulation. Generally, the use 
of more material will result in higher cost 

The insulation properties of the composition of the 
present invention are described with reference to the 
composition being under an external load of xo3..x Pa (xs 
psi). The Z0342X Pa (15 psi, load n,ay be obtained by 
compressing the composition utilising known techniques 
These techniques include the following: transferring the 

composition into a pouch sealing ^>,^ u 

. , ^ , poucn, sealing the pouch, and placino 

the pouch between two metal r^i^*-^ ^ 

L.WO metal plates and compressina 

lil'ement " ^^^'^^^^"^ - 

The temperature of 20- c. as used in the descriptions 
Of the compositions of the present invention, refers to the 
temperature at which the TC measurement is conducted 

AS used in the description of the present invention 
Nxtrogen" refers to a gaseous atmo^here comprising 
nxtrogen as a major ingredient. The properties of !he 
composition of the present invention are described with 
reference to nitrogen as the gas in the pores and 
surrounding the composition of the present invention. The 
reference to nitrogen in the description of the present 
invention provides a means for comparing the TC of the 
composition of the present invention to the TC of other 
compositions. However, in embodiments of the compos^L 
Of the present invention the surrounding atmosphere mar 
comprise air. nitrogen, or a gas with a different thermal 
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conductivicy, for example, Argon, Krypton or Xenon which 
have lower thermal conductivities. 

Preferred embodiments of compositions of the present 
invention have a BET surface area of greater than or equal 
to 200 m2/g, preferably greater than or equal to 400 m2/g, 
more preferably greater than or equal to 500 m2/g. bet 
surface area may be determined utilizing ASTM test 
procedure D1993. 

In preferred embodiments of compositions of the 
present invention the size, and size distribution, of the 
intergranular spaces between the particles, are minimized 
by utilizing a composition comprising particles having an 
average particle size of between between 50-500 microns, 
preferably between 50-250 microns. These particle sizes 
may be achieved by conventional techniques, for example 
milling and/or physical separation techniques. 

Preferred embodiments of compositions of the present 
invention are compositions with a porosity of greater than 
or equal to 0.90, more preferably greater than or equal to 
20 0.93. Porosity is defined as the fraction of the sample 
volume that is pores, both in and around the particulate 
material and may be determined by the following formula: 

("neasured rod density in porous form) 
25 Porosity = 1 - 

{density of the material in solid form) 

More details relating to the measurement of porosity are 
provided below. 

A preferred composition of the present invention is a 
gel composition comprising a gel component . 

As used herein gel compositions include, but are not 
limited to aerogels, xerogels and the li)te produced with or 
without supercritical drying. 

Among the gel components suitable for use in the 
composition of the present invention are included: oxide 
gels, including metal oxide gels such as silica gels, 
titania gels, alumina gels and the like; polymeric gels, 
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such as resorcinol- formaldehyde (R-F) gels, melamine 
formaldehyde (M-F) gels, phenol-f urf ural (P-F) gels and the 
like. The preferred gel component is a metal oxide gel. a 
detailed description of «gels" and '^gel components'' is set 
forth in published PCT application 96/18456 the disclosure 
of which is hereby incorporated herein by reference. 
Preferably the gel component is a silica aerogel, more 
preferably a silica aerogel produced from a sodium silicate 
precursor . 

Also preferred is a gel composition which includes an 
opacifying agent. 

Suitable opacifying agents include those which will 
minimize the travel of IR radiation through the composition 
and include, but are not limited to carbonaceous materials 
iron oxides. AI2O3, FeTiOa, Ti02 , ZrOz and other opacifying 
agents known in the art. A preferred opacifying agent 
comprises a carbonaceous material. Carbonaceous materials 
include: carbon black; activated carbon; graphite; 
composites comprising carbon black and metal oxide (e.g. 
silica); and blends including such carbonaceous filler 
materials. More preferably the opacifying agent is a 
carbon black. A preferred carbon black has a nitrogen 
surface area (N2SA) of at least 10 m2/g, preferably is to 
500 m2/g. 

In a preferred embodiment of a composition of the 
present invention, the composition comprises greater than 
or equal to 3%, preferably greater tkan or equal to 5%, 
more preferably 5 to 30%, by weight, opacifying agent.' 

The opacifying agent may be combined with the gel 
component in a variety of manners. The opacifying agent may 
be physically mixed in dry form with the gel component 
after drying. Preferably the opacifying agent is 
encapsulated within the matrix of the gel component, for 
example by combining the opacifying agent with the gel 
component prior to gelation of the gel component. 

To improve handling of the gel composition, the 
opacifying agent is preferably attached to the gel 

11 
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cc.ponen, :,etails .elating to the meaning of the ter. 

at ached" as used herein, are set forth in published PCT 
applxcat.on W096/18456 referenced above. As set forth in 
published PCT application W09S/18456, a Scanning Electron 
> Microscope (SEM, i^age of a gel composition comprising an 
attached opacifying agent, in particular an attached 
carbonaceous component, differs from the SEM image of a 
composition wherein the gel component and the opacifying 
agent are physically mixed, or a composition wherein th! 
opacfyxng agent is encapsulated within, but not attached 

Rub Off value of a gel composition comprising an attached 
opacxfyxng agent, in particular an attached carbonaceous 
component, will generally be less than the Rub-Off value of 
a composxtion wherein the gel component and the opacifying 
agent are physically mixed, or a composition wherein the 
opacxfyxng agent is encapsulated within, but not attached 
to, the gel matrix of the gel component. 

If desired, the opacifying agent may be treated, for 
example with chemical treating agents, to render the 
opacifying agent attachable to the gel component As 
explained in PCT published application W096/18456 
carbonaceous materials, in particular carbon blacks, may be 
treated xn the following manner to render the carbonaceLs 
material attachable to the gel component . 

bv . "^^""^^^^"^^ carbonaceous component may be prepared 
by reacting a carbonaceous component>with a diazonium salt 
in a Ixguxd reaction medium to attach at least one organic 
group to the surface of the carbonaceous component 
Preferred reaction media include water, any medium 
contaxning water, and any medium containing alcohol, water 
IS the moat preferred medium. 

for carbonaceous components and various methods 

for their preparation are described in: published PCT 
application W096/18688 entitled "Reaction of Carbon Black 
with Diazonium Salts, Resultant Carbon Black Products and 
Thexr uses"; published PCT application WO96/18690 entitled 
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"Reaction of Carbon Materials with Diazonium Salts and 

Resultant Carbon Products"; published pct application 

W096/18695 entitled "Ink Jet Ink Formulations Containing 

Modified carbon Products"; published PCT application 

W096/18694 entitled "Non-Aqueous Inks and Coatings 

Containing Carbon Products"; published PCT application 

W096/18696 entitled "Aqueous Inks and Coatings Containing 

Modified Carbon Products"; published PCT application 

W096/ia6a9 entitled "Carbon Black Products for Coloring 

Mineral Binders" and published PCT application W096/x84SS 

referenced above. The disclosure of each of these 

published PCT applications is hereby incorporated herein by 
reference . 

A method of preparing attachable carbonaceous 
components, for use in the gel compositions of the present 
invention, is described in the following paragraph with 
reference to carbon black as the carbonaceous component 
Similar methods could be performed to prepare attachable 
carbonaceous components other than carbon black. 

TO prepare attachable carbon black, the diazonium salt 
need only be sufficiently stable to allow reaction with the 
carbon black. Thus, that reaction can be carried out with 
some diazonium salts otherwise considered to be unstable 
and subject to decomposition. Some decomposition processes 
may compete with the reaction between the carbon black and 
the diazonium salt and may reduce the total number of 
organic groups attached to the carboA^ black . Further the 
reaction may be carried out at elevated temperatures where 
many diazonium salts may be susceptible to decomposition 
Elevated temperatures may also advantageously increase the 
solubility of the diazonium salt in the reaction medium and 
improve its handling during the process. However, elevated 
temperatures may result in some loss of the diazonium salt 
due to other decomposition processes. 

The carbon black can be reacted with a diazonium salt 
when present as a dilute, easily stirred, aqueous slurry 
or in the presence of the proper amount of water for carbon 
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black pellet formation. If desired, carbon black pellets 
may be formed utilizing a conventional palletizing 
technology . 

A set of organic groups which may be attached to the 
5 carbon black are organic groups substituted with an ionic 
or an xonizable group as a functional group. An ionizable 
group xs one which is capable of forming an ionic group in 
Che medium of use. The ionic group may be an anionic group 
or a cationic group and the ionizable group mayform an 
LO anion or a cation. 

Ionizable functional groups forming anions include 
for example, acidic groups or salts of acidic groups The 
organic groups, therefore, include groups derived from 
organic acids. Preferably, when it contains an ionizable 
5 group forming an anion, such an organic group has a) an 
aromatic group or a C1-C12 alkyl group and b) at least one 
acidic group having a pKa of less than 11, or at least one 
salt of an acidic group having a pKa of less than 11 or a 
mixture of at least one acidic group having a pKa of 'less 
0 than 11 and at least one salt of an acidic group having a 
PKa Of less than 11. The pKa of the acidic group refers to 
the PKa of the organic group as a whole, not just the 
acidic substituent. More preferably, the pKa is less than 
10 and most preferably less than 9. Preferably the 
. aromatic group or the Ci-Ci2 alkyl group of the organic 
group is directly attached to the carbon black. The 
aromatic group may be further substituted or unsubstituted 
for example, with alkyl groups. The C^-C,2 alkyl group 
be branched or unbranched and is preferably ethyl More 
preferably, the organic group is a phenyl or a naphthyl 
group and the acidic group is a sulfonic acid group a 
sulfinic acid group, a phosphonic acid group, or a ' 
carboxylic acid group. Examples include -COOH, -SO3H and - 
PO3H2, and their salts, for example -COONa, -cook -coo- 

-S03Na, -HP03Na, -SO3- NR4., and P03Na2. where R is 
an alkyl or phenyl group. Particularly preferred ionizable 
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subscinuents are -COOH a.nd^sOsH and their sodiu. and 
potassium salts. 

Most preferably, the organic group is a substituted or 
unsubstxtuted sulfophenyl group or a salt thereof- a 
5 substituted or unsubstituted (polysulfo) phenyl g;oup or a 
salt thereof; a substituted or unsubstituted sulLap " 
group or a salt thereof; or a substituted or unsubstLuLd 
(polysulfo, naphthyl group or a salt thereof, a preferred 

.0 oT:^\ti::;~ ^= ^uifophenyV:::? 

Specific organic groups having an ionizable functional 
group forcing an anion are p-sulfophenyl , 4-hydroxy-3 ' 
sulfophenyl, and 2-sulfoethyl . 

Amines represent examples of ionizable functional 
groups that for. cationic groups and can be attached to th 
same organic groups as discussed above for the lonLabl 
group. .Hich for. anions. Kor example, a.ine y "e 
Protonated to for. an.™oniun, groups in acidic medil 

0 ITJ'ZVI '^^'"^ ^-"^"^ substituent 

ml^ IS J . " —niun. groups (- 

and quaternary phosphoniun, groups (-PR3., also 

to the same organic groups as discussed above for the 
.onxzable groups which form anions. Preferably, the 
. organxc group contains an aromatic group such as a phenyl 
or a naphthyl group and a quaternary an,.oniu. or a 
quaternary phosphonium group. The aftmatic group is 
preferably directly attached to the carbon blac. 
Quaternxzed cyclic amines, and quaternized aromatic amines 
can also be used as the organic group. Thus, N-substu'tea 
Z~~- - -^ethyl-pyridyl. can be^td^ 

It is also possible to create an opacified gel by 
utnxzxng a gel precursor with inherent opacity, or by 
Chemically modifying the surface of a gel or all Z2 

by attaching an organic composition to the surface of The 
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gel and pyrolyzing the non-carbon constituents of the 

organic composition to opacify the gel. 

A preferred composition of the present invention .ay 

be produced by conventional processes for producing gel 
5 con^ositions, for example conventional sol-gel processing 

in particular the gel compositions may be produced by th!' 
processes disclosed in the Examples herein and the E^pLs 
L r / r^""" applications and their microstructure 
be ailored to opti^i^e properties desired for specifil 
applications. Various precursors, including metal 
alicoxides, colloidal suspensions, and combinations thereof 
.ay be utilized .ith a variety of mechanisms of gelation to 
synthesize compositions of the present invention By 
varying processing conditions, such as time, temperature 
PH, and pore fluid, the microstructure of the compositio^ 
may be altered. ■•■^■^on 

As explained in detail in the Examples set forth 
below, gel compositions of the present invention may be 
produced from a solution comprising gel precursor solids 
A gel composition of the present invention with a TC and' 
packing density under load falling within the present 
claims may be produced from a solution with a solids 
percentage by weight sufficiently low to achieve the 
desired packing density and by processing the solution, 
utilizing sol-gel processing techniques, in a manner 
wherein a low solids concentration is maintained in the 
txnal gel composition. 

in particular, a gel composition of the present 
invention may be produced by the following method- 

1) initiating gelation, for example through the use 
Of a catalyst, in a solution comprising the gel precursor 
solids, or the gel precursor =r,^ ™ • ^ • "-""or 
initial «oT,^ precursor and opacifying agent, at an 
initial solids concentration to achieve the desired solids 
concentration in the final gel composition- 

2) allowing gelation to proceed to a predetermined 
degree of completion; 
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3) if desired, aging the gel at a temperature, and fo>- 

a period of time sufficient to ^r-h^ »u 

i-cicient to achieve the mechanical 

Characteristics desirerf in c ■ ■. 

x . aesired m the final gel composition; 

4) li desired, washing the gel; 

5 5) if desired, exchanging the pore fluid 

6) If desired, chemically treating the gel; and 

7) removing liquid from the resulting gel composition 
for example by drying. composition. 

Individual process stecs 3 d c = ^ / 

ai-cps, J, 5 and/or 6 if nn i ■; 

10 be performed in any order anH n.=, k utilized, may 

. . ^ ''e repeated to achieve 

gel compositions with desirable characteristics 

in a preferred method a composition of the present 
invention may be produced f-rr.n, = -, Present 
comprising: ' Precursor by a process 

" initiating gelation in a solution comprising gel 

precursor solids and allowing gelation to procee! L a 
predetermined degree of completion; 

agent^r""^ '""^^ ^^^^ ^ ^^^^ -<.ification 

" compoi::::" ^-^^^^^ - - gel 

The process for producing a surface modified gel 
composition from a gel precursor may further include one or 
more of the following steps: 
25 aging the initial gel at a temperature, and for a 

period of time sufficient to achieve the mechanicar 
Characteristics desired in the finalVgel composition prior 
to contact with the surface modification agent- 

washing the initial gel prior to contact ^ith the 
30 surface modification agent; 

aging the resultinq oel at- a ^ 

. , 'S aei at a temperature, and for a 

period of time sufficient m ^r.^- 

j-iicienc to achieve the mechanical 



35 



Characteristics desired in the final gel composition after 
contact with the surface modification agent- 

exchanging pore fluid in the resulting gel prior to 
contact with the surface modification agent; 
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exchanging pore fluid in the resulting gel after 
contact with the surface modification agent; and/or 

washing the gel after contact with the surface 
modification agent . 

5 in addition, if other ingredients, such as opacifying 
agents and the like are desired in the final gel 
composition, these ingredients may be added to the 
solution prior to the initiation of gelation 

. AS understood by those of ordinary skill in the art 
the solxds concentration of the solution, which may 
comprise for example gel component solids and opacifying 
agent solids, is sufficient to achieve the densities 
prl'i " "-position, in a preferred .ethod of 

producing compositions of the present invention the solids 
concentration of the solution is less than or egual to B% 
preferably less than or egual to 7%, to achieve packila 
densities desired for the compositions of the presenf ' 
invention. 

One example of a preferred method of producing gel 

compositions, which may be utilized fo r,^,,^.,,,^ 

^ "ciiizea to produce compositions 

of the present invention, is described in published PCT 
application W094/25149, assigned to the University of New 
Mexico, the disclosure of which is hereby incorporated 
herein by reference. I„ the method described in W094/25149 
the internal pore surface of a wet gel, for example an 
alkoxide-derived silica gel, is reacted before drying with 
an organic surface modification agenv comprising the 
formula R,r«y where R is an organic group N is sior Al 

t^-^thylchlorosilane 
(<CH3)3SiCl), so that significant changes in the 

subsequent drying of the gels at non-supercritical 
pressures are obtained which leads to greatly reduced 
shrinkage during drying. 

Gel precursors include but are not limited to oxide 

polymeric and particulate gel precursors known in the art 

such as: src. 
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Metal Oxide Gel 




^orm(s) as Gel Pre 



cursor 



Alkoxide, Silicate Compositi 

Colloidal, 
Pyrogenic 



ons, 



Alkoxide, Colloidal, Pryogenic, 

Titanate 
Compositions, Titanium Halides 



Alkoxides, Colloidal, Aluminate 
Compositions, 
Salts, Pyrogenic, Aluminum Halides 



Alkoxides, Colloidal, Zirconate 
Compositions, 
Salts, Pyrogenic, Zirconium Halidei 



Polymeric Gel 



resorcinol- formaldehyde 
(R-F) 



melamine- formaldehyde (M- 



F) 



phenol - furfural (P-f) 



Form (3) as Gel Prec ursor 
polyhydroxy benzenes 
(e.g. resorcinol) and 

forma 1 de hyde 



melamine and formaldehyde, 
functionalized melamine- 
formaldehyde resins 
phenol and furfural 



The cho.ce Of a particular precursor is made based on the 
type Of composition desired. Preferably the gel co^poneL 
Of the composxtion of the present invention is produced 
from a sodium silicate precursor. 

the J""' °^^':''y'''^ utilized in the composition of 

the present invention is preferably added during 
preparation of the gel. More particularly, the opacifvino 
agent may .e predispersed in the sol precursor to'the ,e7 
at a stable pH and then the pH adjusted to promote 
.elation. The preferred result is a composition wherein 
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the opacifying agent is attached to the gel component or 
encapsulated within the gel matrix. As discussed above 
use of an attachable opacifying agent is preferred to 
achieve a gel composition wherein an opacifying agent is 
attached to a gel component. 

Further details relating to the production of 
compositions of the present invention are provided in the 
Examples described herein. 

in accordance with an additional aspect of the present 
invention there is provided an insulation body comprising a 
particulate composition of the present invention The 
insulation body may further comprise a barrier, film 
structure, membrane or other means for restraining and/or 
enclosing the particulate composition of the present 
invention. In addition, a particulate composition of the 
present invention may be added as a component of a 
composition which is foamed, extruded, molded or otherwise 
formed into a definable volume. 

Potential embodiments of an insulation body of the 
present invention include but are not limited to insulating 
structures. The term structure is utilized to refer to any 
enclosed space, which may or may not be evacuated (under 
vacuum) , which may be filled, or partially filled, with an 
a particulate composition of the present invention. Such 
structures include, but are not limited to panels, 
blankets, walls, housings and the like. An insulation body 
of the present invention may be utilized in any structural 
shape designed to insulate a system. 

A preferred embodiment of an insulation body of the 
present invention is a vacuum insulation panel. The vacuum 
insulation panel comprises a particulate composition of the 
present invention under vacuum and a subtantially gas 
impermeable barrier surrounding the composition. The ' 
insulating structure embodiments of the present invention 
may further include additional structural elements and/or 
surfaces treated to achieve very low emissivity; radiation 
shields and/or the like. 
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An. embodiment of an insulation body of the present 
xnventxon is depicted in Pigure 2 which illustrates a 
particulate composition of the present invention 2 ' 
enclosed within vacuum bag, 4 which Is 3-..>.... ...... - 

5 impermeable. Substantially gas impermeable barriers 
suitable for use in the present invention include • 
enclosures such as envelopes or pouches, including metal 
barriers, barrier films comprising one or more layers 
polymeric, metallised polymeric, or metal- foil laminates 
' Which are substantially impermeable to gas 

In non-vacuum applications, wherein a particulate 
composition of the present in^^r,^- 

. present invention is not contained 

within an evacuated enclosure, other means for creating a 
definable volume of said particulate composition of th! 
present invention may be employed, m general terms, in 
non-vacuum applications, a particulate composition of the 
present invention may be enclosed within, or surrounded by 
a barrier, sufficient to contain substantially all of a 
particulate composition of the present invention within a 
desired space Suitable barrier materials for non-va L 
applications include, but are not limited, plastics 
cellulose materials, wood, cement, asphalt and/or metal 

Alternatively, a particulate composition of the 
present invention may be added as a component to a 
composition which is foamed, extruded, molded or otherwise 
formed into a definable volume. For example a particulate 
composition of the present invention .ay be added as a 
component to a styrofoam composition which is then formed 
into bricks. The composition including a particulate 
composition of the present invention may also be further 
enclosed if desired. lurtner 

An insulation body of the present invention may be 
produced by conventional techniques known in the art such 
as those described below with reference to a vacuum ' 
insulation panel embodiment of the present invention 
Other embodiments of the present invention may likewise be 
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the art. 
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A vacuum insulation panel embodiment of the p>-esent 
invention may be produced by placing a particulate 
. composition of the present invention within a substantially 
gas impermeable barrier enclosure then evacuating and 
sealing the enclosure. Optionally, the particulate 
composition of the present invention may be dried prior to 
placement in the barrier enclosure. 

If desired, a particulate composition of the present 
invention may be placed in a porous pouch and pressed to a 
desxred shape prior to placement in the substantially gas 
impermeable and substantially water impermeable membrane 
enclosure, a particulate composition of the present 
invention may also be placed in the porous pouch prior to 
drying, xf a drying step is utilized, to aid in holding the 
particulate composition of the present invention during the 

dryxng and/or pressing operations s,H t-;,Ki» 

^ f=i«iuions. Suxtable porous pouches 

xnclude those formed from any material which allows the 
passage of air and moisture but holds the particulate 
composition of the present invention, which may be a finely 
dxvxded particulate mixture. Examples of suitable porous 
pouches include porous pouches comprising and formed from 
polypropylene, for example, TYVEk^ polypropylene produced 
and sold by of E.I. DuPont de Nemours Company, Wilmington 
Delaware and CELGARD polypropylene produced and sold by ' 
Celanese Corporation, and porous poUthes formed from paper 
of the type utilized as filter paper. 

In the optional drying operation, whether or not the 
porous pouch is employed, the drying temperature should be 
sufficient to drive off any surface water from the a 
particulate composition of the present invention 
Generally, the drying temperature will be at least 100 o c 
the upper limit being a temperature at which neither the ' 
particulate composition of the present invention or the 
porous pouch, if utilized, will degrade. 
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The dr.ed, pressed particulate composition of the 
present invention n,ay then be placed into a substantial! 
g.s ..permeable barrier enclosure, for.ed in sucTa 1' 
to prevent gas leakage. if the oarti., i . ^ 
5 tne present invention has' ee„ dr "d ; , -.position of 
porous pouch is .erely olaced into th T"" 
Oenerally the harrier^enclosu. " lleTrLT 
a particulate composition of the presIL in^l::;™^ " 
sufficient to recmH- i ^ i_ *^-Lua 

0 enclosure after :vac.: ion^"t:u:": T""^^ ""^^ 
Of ordinary skill in the art the ""'^--^-^^ by those 

generally cause the h!/- evacuation process will 

LounH ^^"^ enclosure to shrink to fit 

around the a particulate composition of the present 
invention. t^^^^^^nu 

' struct" '""'"^^ '^'^ - ~ panel 

structure comprising a composition of the present invent • 

-y be different than the TC of the composition of the " 

uuiiizea m the vacuum panel 
A vacuum insulation structure of ^>.^ 

z.xz:z'tr ------ ^^^^ 

thickness suf f icien^ h.^ w *. 

auLiicient to substantiallv fin hh« 

it is to be uein^«^ ^ ^P^'^® ^^ere 

refrigerators " eJ:^ -Prance applications, e.g. 
Win vary depending o„\t ; / ^tte al^LT """^^^ 
the thickness of the vacuum insulati^I f 
generally be 3 to SO millimetel "^"""^^ 

Preferably the overall properties of the gas 
impermeable barrier enclosur^^ «h=.n • 
handling -.v, enclosure shall permit it Co survive 

handlxng without puncture or other damage, m general^H 
overall thickness of enclosures suitabJ f the 
definahi^ ■, suitable for creatinq a 

aetmable volume of a Dartif..,i=.- 

. . particulate composition of the 

present invention will ■r^T,r,^ <r cne 
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strength to hold the a particulate composition of the 
present invent iolTand allow the further processing 
necessary, the life expectancy of the apparatus into which 
they are placed may be reduced. 

Generally, the substantially gas impermeable barrier 
enclosure which is employed in the vacuum insulation 
structure embodiment of the present invention has one or 
more opening (s) permitting the evacuation of the enclosure 
and, if desired, the refilling of the enclosure with 
insulating gases. The bag is first evacuated to as a low a 
pressure as desired, for example, 133.322 - 1333.22 Pa (i- 
10 Torr.) The evacuation cycle can be repeated so as to 
assure a low air partial pressure remaining in the panel 
The manufacturing process is then terminated by heat 
sealing the enclosure to close the evacuation path. 

An insulation body of the present invention may be 
advantageously utilized as a thermal insulation medium in a 
refrigeration appliance such as a refrigerator, freezer, 
cooler or the like. 

The effectiveness and advantages of various aspects and 
embodiments of the present invention will be further 
illustrated by the following examples. The experimental 
results set forth below illustrate that TC provides a means 
to distinguish the physical characteristics of different 
compositions. The physical characteristics, such as pore 
size, pore size distribution, surface area and structure of 
compositions such as gels are diffiottlt to measure due to 
the fragility of the composition. Traditional tests for 
physical characteristics such as pore size may yield 
inaccurate results, if any, due to deformation and/or 
breakage of the gel. m contrast, TC may be accurately 
determined with less risk of deformation or breakage of a 
gel. As illustrated in the Examples below a composition's 
TC will depend on the physical characteristics of the 
composition, including, for example particle size, density 
opacity, the type and presence of opacifying agent (s) and ' 
porosity. 
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As illustrated in the Examples, attributes of 
compositions of the present invention .ay be modified to 
produce advantageous TC and packing density under load 
For example, the packing density undP>r ^r.^r, 

5 by modifying the particL ' size f or T " ""^^'''^^ 

, . ^ xuxcie size for a given particle 

density for example through grinding, to reduce and 
preferably minimize the gas phase contribution to heat 
transfer due to gas movement around the particles 

10 refl.Tn'^r"'''' °' ^ composition, as 

lo? K ' '^^'"P-^^-"'^ and packing density under 
load may be modiflpH f^-^ ■, °j-i-y unaer 

ye moaitied, for example, through choice of an 

appropriate gel component, e.g. silica, and/or by modifying 
the solxds concentration of the solution utilize! to 
prepare the gel. These modifications may be utilized to 
IS reduce, and preferably minimize, the contribution orsoUd 
phase thermal conduction to heat transfer 

The radiation component may be reduced and preferablv 
n..nim.zed by utilizing an opacifying agent. ^ 

The following testing procedures were utilized in ^h 
20 Examples. utilized in the 

Thermal ronfin rf ivirv frr. ... p ,^,.^^ ^ p 

The Thermal Conductivity (TC) under load of the 

'5 :::r:ruTi'^"'^^^"^^'^ ^^-^"-^ ^° -™ --^dure 

be ow'" '^^'"^'^^ ^^uipment described 

below and illustrated in Figures 3 and 4 . The packina 
density of the compositions i. measuVed by the tecH. 
set forth below. technique 

1. Approximately 200-300 cubic centimeters (tap 
0 volume) of a sample of the composition is dried in an ov 
- .20= c for a minimum of 2 hours until substan ally 
completely dry. The amount of composition utilized 3 
ufficient to completely fill , 
(152 mm) by 0.25 inch (6 mm) tyvek® r,«..^K ^ 
5 the following steps TYVEK« • described in 

F^Ko . ^ registered trademark for 

fibers of E.x. DuPont de .emours Company, Wilmington 
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Delaware The actual volume of powder .a. vary but will be 
accounted for in measurement of TC under load 

2. The composition sample is divided into 2 eaual 
portions by weight and the weight of each portion U 

5 recorded. t^^j-^-tun is 

3 . Each portion of the composition sample is .,1.. ^ 
into a 4 inch (id2 mm) by 6 inch (152 k o 

mm) TYVEK® pouch. 

4. Each pouch is sealed wit-h • 

0 substantially similar pouches P-'^-e 2 

desiccator while the aLst^ drL.'^"^ ^ 

5. After the adhesive dries the pouches are oi. . 
a.ong the plates of a thin foil heater apparatus x'' 
Illustrated in Figure 3. As shown in KigL 3 thL fo'l 

' heater apparatus 12 comprises heater and^h 

and thermocouple plates IT^S ''"^ 

and 18 respectively and include connector means on tlir 

heati^rjr^"^"^ ^'^^ •'--^ apparatus to 

neacmg and measuring device. 

then ''"""^ apparatus with pouches is 

then assembled in the load device depicted in I 

mn foil heater apparatus a2, .i.TZllLVZV ■ 

p aced between aluminum bloc.s 42 and' 44 whi re 

in surface area than the pouches ann . • ^^^^ater 

to resist deformation undeTxo:: I^ITT. '"'^'"^^^ 

pieces 52 c:^ u. Mditional aluminum 

and 44 to^llow Lorn ^^^-^^ 
CO allow room for clamping means such as C-ci»»„ 

be Placed around the aluminum blocks 42 and 44 "° 

- piaVr: a— riT;::s:™- ' ' 

P-en .2 .na moving platen S4 d^^ rdT™ 
8. Moving platen 64 is moved towards the s^.^ • 
Platen S2 with the assembled load device L betw "^ 
1601.28 Newtons nsn j , aevice m between until 

ewtons (360 pounds) of force is acting on the 
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Po-ches Which is 103421 Pa 

V"c c'r ' '"^'^ 

are ^^a^T^^^^^^^ alu.inu. px,,,^ 

5 applied by the press ^ 'naintair, the or.. 

pxess. The press ie Pressure 

The distance betJen 1 " 

the distance between 1 ^'^^"^ and 

^^^^"-^ - an coders TT'^^ ^'^^'^ -d t 

°f each pouch under th« determine the thiot 

10 packinr, ^ ^ 103421 Pa fT; thickness 

pacjtmg density of f-h= " load tv,^ 

from the t-hi^i. "'"Position samolp io 

thickness of the san.r,i . "Calculated 
"eight (mass) of th» <ietermined in st.n 

area of ^^'"P^^ determiner? ■ ^he 

"^""P^- '^'^ich is taken . K "'"^ ' "^^^e 
(102 mm X IS2 mm, (24 square ' ^''"-^ 

15 according to th*. f inches (4 inches v c ■ 

(Th^ u formula: Packing ^ mches)) 

'Thickness x Area, . Density = „agg ^ 

11- The load device, „ith ^^ 

Plao d7nVp -"Pies 

:o TC me"::^'' ^^^^^^ eVj,?:? ^^^^^ 

133!,""'"'^ selected o" '° "^"^^i" the 

""2.2 Pa ^^^^^ e«ed pressures of X33.322- 

• TC measurements are oh,- ■ 
-^-'^trical leads from the ZI TT^ -nnecting the 

source and a nanovoitmet "'"'^ ^^^^^^^ to a 

' -iculate the temperature d^T " ""^"^^ to 

from the ^^fference Tr. • 

the temperature difference and "^^"lated . 

in the above procedure tH T ''""^^ ""^"ed 

-ill Z u ' <=°"'Po«itions Of the '""P^^ture of 200 
air o '"'^^^"^"11/ e<iuivalent if '"-"^ion 

°- other mixtures (or solut atmospheric 
thermal conductivities simn °' ^^^ing 

«^trogen. .he TC of t^ oT;" ^^^^^^ conductivity 
-ntion may be determine; l'^^ " ^^^^ 
sur""? ^^^'^ ^ ^-iiar conduct '° atmospheric 

surrounds and fiii3 the pores Z T"''"'^' " ^""^ ^as which 
^P-- Within the volume Of the? ^^^^^^^^-^ 

composition being analysed 

0-7 



SUBSTITUTE 



SHEET (RULE 26) 



10 



wo 98/13135 

PCT/US97/16S20 

The TC of the composition of th. 

generally decrease in an at P''^^^"^ invention will 

lower conductivity than NitrlgaV" ' 
While the measurements were obt. ■ . 
' - C. no substantial variatL . ' "^^-P-ature 

-er the range of avo-^S^ c " ^^P-ted 

The measurement of TC under Io.h 
on a composition's performance L f -^^-ation 
Where the composition .ilTbTund " °" ^PP^-ations 
"ample in insulation panels hav. 

pressures. ^^''^'^^ reduced internal 



15 



'"O »■ OB .e=h) 250 .» „. "'''""3 > da »eshl . 

-eens. . esc ScL" iTi^LrLT " 

utilized in the separation. ' " 



20 



Porn.e;-j[-y 
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The porosity of the gel eomr,-, • 
determining the rod dens.trof th '^^^""^-'^ 
calculating the porosity by the f on 

TO determine rod density th 7"' 
formed in cylindrical molds The /If ^'^'^ 
determined by physical!,, ' was 

^el. The J/de" tTL~' '^^"^'^^^^"^ ^ ^ 
^el and dividing by /.r.lZll^Tt 

"'^ere a rod like geometr^ wa" n"t '""^""^ 
-rification Of the abov^ m"""'"'' ^ 

^-nployed. "-"oury displacement was 

The rod density of noi „ 
-rcury displacement was':^^:^'"^"^ ""^^^"^^^ 
-Pty glass cell is filled with m"' " ^ 

height and the cell is weighe, '° ' ^'^'^"'^ 

3nea. The mercury is then 
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removed and the cell i 

-ample of Icnowa weigh/il T'\"^"'"- " ^^^^ 

— y i3 a.aea tote cenT , ^ ''^'^ 
before. The weight of the cen . '^''^"^^ ^^^^^t as 

--pie is measured. The weigh V and the 

then converted to a volume based """'"^ ^"''^ is 
- difference between the vo 1?:/^ °^ 
-P^y ceil and the volume of Zl ' TJT' '''^^^ ^^^^^ - 
containing a sample is .„own .T27^'T ''''' 
Since mercury does not wet th <^"Pi^ced volume. • 

the total volume of the samol""'' "'"""^ ^^^-^ 

--rmined By dividing the e ^: of"^ """^^ 
displaced volume. "''^ sample by the 

Porosity is defined as rho ^ 
-1"- that is pores, both i„ a„d " °' '""^ ^^P^^ 

--rial and may be determined by tTf" ""'^"^^^ 

y tile following formula.- 

Porosity = , . density in porous form, 

^<^-ityof ^he-m;t-e-;;;rv-s;i:d-;;;m, 

The density of a snU/i 

reference torco^slLrof™ — 
-se Of a Silica gel oompLition ll 
agents, the density of the sol ^' °Pacifying 
--™ed to be the density of a °' """^'^^^ " 

-3 2.2 g/cc (220 kg/m3, . i„ ' f'''' """^^ ^ili" which 
''Mch includes opacifying agel l">f ^ -"Position 
-ss Of material is assumed to bl °' '°''<' 

^-nsities Of each component Ml " ""'^''''^ ^"^^^9- of the 
gel composition comprising a sn ^^^^ of a 

carbon bU,, agent, ^ 



oarbon black opacifying agent th"'/'' Precursor and a 
-3s Of material is assumed t; J °' 

•density Of a solid mass of siL! ^ "'^^^'^^^ ^^^rage of the 

^-sity of a solid mass of ca' ' m ^'"^ '"^^ 

«rbon black (i.a g/cc) . 
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gram (m^/g) was decen„i„ed 

The dibutyl phthalate adso^^ • 
-rbon blacs utilised i„M " ^he 

™"UU.ers per XOO Tf ^TT''''- ^^^^^^^^ - 

^2^14- ^^^"^''"^^ forth in as™ 
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The gel compositions set forth • u 
prepared in accordance with the f " '""""^'^^ 
described herein utilizino^H techniques 
- -he:naticany in ^^17.'^' T"' ^^^"^-^^^ 

the examples. described in more detail in 

Three solutions of Hiff 
-ncentrations are relu frldT' ^'''^^'^ 
following example aerogels Th ''^^"P^""- of the 
0 a commsrciall, available solutLnT:. 

(w/w) ^a^O, 28.7% Iw/wrsJo, ^ composition 

— The density at ao-c of J 3 ^ • '''/^^ 

1> The 5% solution is JLT ^ ^Z^^- 
«^^^oate to 410 ml of aZTZ jl " ^'''"^ '^-^ of ^ 
utilized With 2M H2S04 in the ^"^^ 
compositions having a solid. '° 

S%, by weight. "'^'^ ooncene^ation of approximately 

2) The 8% soli]h-ln.n • 
^^^ioate to 1S7 .1 f L^^^^^^^^^^ -^^'^^ '^.S ml of ^ 

-iXized With H2S04 In an : "T' ^^^^^^^^ - 

composition having a solids c '° ^''^"''''^ ^ Sel 

8%, by weight. -ncentration of approximately 

3> The 5*-alternate solution < 
'2.5 ml Of ^ -t.on is prepared by adding 

-1-ion is utilised in the p J' ^^i^ 
solution i3 utili.ed :i h ~ — - 

H2S04 m an example to 
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produce a gel composition having a solid. 

approximately 5%, by weight. concentration of 

^ Carbon black ru a • -i • 

- ^ carbon bij p^ici":;!;: t ""-"^ ~ 

Massachusetts which has a ^.s. o ,, '7"'°" 

ml/ioog. ^ °^ /9 a DBP of 133 

A Modified CB-A f-a^K„„ 

- carbon blac. attachable a ^° ^^^^ 
following procedure. component utilising the 

Two hundred grams of CB-A was adH»^ . 
10-1 g sulfanilic acid and 6 2/ ! '° ' ""'""^i^" °f 
acid in 21 g Of water, a soluti^ °f concentrated nitric 

- ^ Of water was added to the Ip ' °' ^ 

SuUoben.enedia.onium hydrr^r rer^riiTr T"^^' 
3Xtu, Which reacts with the carbon M t ™ ^" 

Minutes, the dispersion was dried " 
The resulting carbon black ^rJ 
0 -Modified CB-A" anH • ^ ''^^ designated 

CSH4S03- groups. " ' ^^-^ -"ached 4- 

Carbon black CB-B is monarch® ^on 
trademarked product of Caho^ o " °" = 

Massachusetts that ha! Boston, 

" that has a N2SA of 25 m^/rr . ^ 
ml/ioog. ^ ^'^^ ^ DBP of 64 

This example illustrates a process f 
composition of the present inventlor radr^'"' ' 
example compares the Thermal canT '■ ^^"^^^^^ this 

composition of the preseTt . '"^^^ of a 

- .el compositiorrof ^^^^^ compositions, 
produced utilising the process ./"T' " 

''urther details are 'as f onowf^ ''^'^ ^• 

For the gelation step, the si . i ■ 
is utilized. * solution described above 
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For approximately 300 .1 gel, 42 .1 u.SO, is 

seconds. ^ starred for several 

The Modified CB-A car-Ho.. . . 

^0 carbon and 53 g of Iter and ^^'^^^'^ ' 

a-unts Of aaJd carbon blacVaTr""^' ' 
^Hat the total .olids content TAITT' "'^"'"^^ ^"^^ 
in this example 15% of the eel cn 

^ -prises Modified CB-. .Lb" bLT"^""' 

-urry:^: "i: rt:r"".^^-^ 

- A cornin, pH .et^ . d I.T IT ^« ^^^^ 

PH combination Electrode with ZLT ' 

compensation (Corning, mc CoLT . ''"^^"'^^^^ 
■neasure the pH. Corning, NY) are used to 

square granules. cross -sect ion. 

For the salt washino ster. hk^ ^ 
^i^h room temperature dlioni.ed wlt^rt" 
at a volume ratio 6:1 (water:geir ' 

For the aging step, the excess wat^^ • 
only the pore fluid is retained Z 

aged 45 minutes at sec. granules are then 

For the solvent exchange sten 
-Hanged 5 times with J^.T^^Z™:'' 
exchanges are performed with a volume rrt o of^^ r 
(acetone :gel) for a minimum of 90 minn^ ^ 
at room temperature. exchange 
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— A second solvent exchange st^n • 

are exchanged 5 ti.es with L.T ""^^ ^""""i^^ 

The exchanges are performed at T 

(heptane:gel) for ! ''^^""^ of 6-1 

yej.; tor a ninanium of on ^ 

5 at room temperature. " exchange 

For the TMCS treatment sten ^ • 
'^CS) is added to the gelZtan " 
0.1 . ™cs/g wet gel for overn 1 "T^^ ' ^^^^^ 
Sels are wa.hed twice in heptane . " ^-at.ent, 

10 mcs. ""^P^^"^ to remove any unreacted 

For the solvent removal steo ^h 
- a 50OC oven for 4 hours. Z't 1 ^'^^^^ 
a 80»c oven overnight and t^ . P^^^d 

for the granules is , ^"^-'^^ -™oval 

After the chemical processTl ^ " 
S-nules are ground in a coff!! ^^e 
figure 6 demonstrates a tl ^'"'^^ ' 
-fter grinding. '""^"^ ^^"^^^ distribution 

The resulting powder • 

- si.e range of^art , VcrcTc • " T"" 

■"c^el X8480, setting 2 5 for L ^^^^ ^^a.er, 

measurements according to th! 

The Thermal Conductivitr^TcT^t^'^ '^^'^ 
" 103421 Pa as psi) load ^"^'^^"^ ^^-^^y 

under 

i-ntion, 0, and the TC ILTJ^ZT"^'' " 

P-i) load Of four contLi ' ""'^^ ^"^^x 

^ are determined utili^i^/.^rr^J^^^^^^^^- A, b, c and 
control composition A is a T^J^T T ^^e. 
° -^Ple. manufactured and To d I/LT \ 

Germany which has a particl. ^'"d'-^gahafen, 
''eing less than SOO.m, and a m'dllT 

"0.m. control composition B T n ^'^^ 
aerogel, manufactured and sold h silica 
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an average particle size of n 2 o 7 

composition s is prepared in ^K sample. Control 

granules. ^ *-^oss- sect ion. 

The density under a 103421 Pa M c; 

Conductivity (tc) of ...h ''^'^ ^''^ ^^^^^^ 

y ucj of each composition A B r n ^ 

measured in the .anner described above are as 

are also reported graphically i„ ^1^.^:3 7 ani 8 ^"^^ 



Compos i tionl Packing 

Density 
103421 Pa 
Load 



TC at 

133,322 
Pa 

{mW/m*K) 



B 



123 



180 



TC at 
1333 .22 
Pa 

fmW/m»K) 



6. 89 



130 



D 



97 



8.29 



5. 14 



4.61 



111 



j 6^65 



8.24 



TC at 
13332.2 

Pa 
(mW/m«K) 



12.02 




7.28 



These results illustrate the advantageous TC ach^ . 
by a composition of the oreseor • achieved 

levels Of 133.322 Pa 1333 22 p T ^ " 

composition H also fal I witLn .hT-""'" 

. .. _ , J- - scope Of ..... 

a compt:t\";^^rtttLi:r""°" ^ - - 

^ , ^ present invention achieves 

advantageous TC under load H „h ■ . • 

transfer through the . ""''"'^^^ ""^^^ 

i-tijTougn tne composition Tr, 

convection, heat tran.f/ °f 

heat transfer Th. 1 • ^ ^^^^ conduction to 

sfer. The low packing density of gel composition 
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n in comparison to the other compositions, reflects the 
higher porosity of composition D. The hiah.. 
conjunction with the particle size If P°-°-ity, in 

n^ini^izes gas phase Heat trans "^^f^^^^^- 
5 also illustrates rh.^ ' • Packing density 

ustrates that composition D has sufficient 
to resist deformation under load to strength 

Th^ „u • ° ^" undesirable ex^Br,^ 

The choice of silir-a =.= = , extent. 

«di«io„ component of he.t transfer. 

Exampip p 

This example illustrates the effect of ^ „ ■ 

under a 103421 Pa load on TC JZTI "^""'"^ ''^"^'^^ 

prepared utilizing the gel oroc! " ' ""'^ ° 

c « y Lne gej. process steps deDic^*=»r^ r.- 

5- Further details are as follows. ^"^^"^"^ ^« ^^gure 

The carbon black utili?*^^ 
blacK CB-A described aLoi^ Xn ^ ^ =-^°n 

CB-A is not modified. -""Po-tion P carbon black 

For the gelation step, the 5* ^r.t,^- 

*o cxuiracea into the stir-r^^H ^y^a • i 
at 20OC The ^rs^ . - stirred and :3aclceted vessel 

^ The solution addition ratlin i „,w • 

PH of 3 is reached ^h u ^^^^^^ 1 ml/mm. once a 

=o.t.„^^; ':^::2:'^z::r 

sonicating for lo minutes Th. ^ °' "^'^^ 

black and water are cat la ruTttr'th"'" ^^^^^^ 
content of the gel remains the sal in . 
of the gel composition, by mass cl 

A. ^ '^o^'Prises carbon black CB- 
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After addition of the carh^r^ ui . 
•.asur. ch. p„. • " «"M Co 

For the agxng step, the excess wat.r 
only the pore fluid is retained re ! "^^^'^ 
aged 90 minutes at 80«C. granules are then 

For the solvent exchange steo rh» 
exchanged 4 ti.es with ace!!! ! 

exchanges are per.or.ed : th . ^"^^^ 
'a=e.one = gel, for a ^ini.u. of To ZllT;: " 
at room temperature. minutes for each exchange 

A second solvent exchange step is used Th. 
are exchanged 4 times with heptane T granules 
The exchanges are performed T """"^ ''^^ 

(heptane:gel, for ' "^"^'^ 

at room temperature " -^^'^ --ha„9e 

<™criradrd\r:rgri;n' ---^-~ane 
- ^^°-rov::r o:~^^^^^ 

placed in a I20oc oven for 7. h S^anules are 

removal . ^"''^^ ^ solvent 

After the chemical oroce^qinr, • 
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Figure e demonstrates a typical partTcl. ■ 

after grinding. Particle size distribution 

5 The carbon black utilized in ^ 

•^^--^ CB-B. xn composition G ca °" ' "^^^^ 

modified. ^ ^'l^^'^ CB-B is not 

For the gelation step, the 8i = , • 
For approximately 680 ml gel 1!^". " " utilized. 
0 dispensed into a jac.eted bea.e ' . a . '^'^^ 
soluUon is titrated into th i: L !::^^ " 

20»c. The solution addition rate 
PH Of 3 is reached, the carbon bXacW " ' ^ 
and the solution is stirrel fo" ^'""^ ^= ^^'^^'^ 

^ - carbon blac. CB-:;:a.er ^Cr' 

-fining xo.OS g of carbon blac. C^^Lnr^' 

and sonicating for 10 minutes thT ^ °' """^ 

Mack and water are calculated such T"" °' "'"''^ 

content of the gel remains the same T 

the gel composition, by mass co " " 

After addition of the ca;boT"" 
--ation is then continuedTtU ^rTc 
-neter. model 320, and a Coming «3 ""'"^ 
Hlectrode with automatic te'^Tature c 

inc., corning, used to 1! '^°«ing, 

The sol is then poured into " 
approximately SO ml Teflon/coltr/r 
-e containers are placed in:o~-at°:::cT 
minutes. After the 50'c oven tr«^ " 
e-r.ded into 3000. x aoooj :.o~^^ 

For the remaining steps 5 a./w 1 ^"^"^ ^ules. 
^i-) were combined for processing ""^ 
For the salt washing sten i-h^ 
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aged x.-x: r:: sooc!^^'^^^"^'- '^^^ ^^^--^^ ^^^n 

volume ratio of 1 iT " ^"^^^^^ ^"^^ a 

^dcio ot 1:1 (acetone :gel) for ^ m.- ■ 

".inutes for each exchange at L! r '° 

•^"y^ room temperature 
A second solvent exchange step is used The 
«e exchanged 2 times in counter I, 5"nules 
to remove the acetone. The elLlT" '''' '^^^^^ 

volume ratio of (heptane gei L r.^^^^^™^-^ " ^ 
minutes for each evr-h,/ minimum of so 

0- . ™CS/g .et gei for" tu:r "^^^"^^ " ^ ^ 

For the solvent removal steo thn „^ 
in a 160«C oven for overnight ^ ^^^^^^ 

after grinding. ^^"^^^^ ciistribution 

The Thermal Conduct ivitiG<5 tTr\ 

under a I0342i Pa m.^ I ^"""^ ^^^^^'^^ density 

Pa load of compositions P ^r.^ n 
determined utilizinr^ ^^, ^^^^ons F and G are 

"^iJ-izing the procedures see fr.r-t-i, w 
results are reported below and al!o ^ ^^^^ 

Figure 8. reported graphically in 



30 




These results illustrate the effenh« ^ 
under load on TC. effects of packing density 
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''che sZZiZ "7'"" ^'^^^''^^^ indication of 

the strength and poro.ity of a particulate coa,position The 
packing density of composition F of th^ ^^^^on. The 

deformation under load so as to tt.-^^ ■ u 

tou as CO minimize the conh i-i k,,*- ■ 

unaesiraJDly increase its TC. 

This example illustrates the effect of oarti.n • 



Composition H is preoareH i-n m 

r-nmr.r.^ • . • Prepared m the same manner as 

composition D above from aela^^«r, ►v. 

After i-h. V, ■ gelation through solvent removal 

After the chemical processing is completed, the 

granules are ground in a coffee grinder (Bunn. G.i^ 

Figure 6 demonstrates a typical narfi^i-. ■ 

after grinding. Particle size distribution 

The resulting powder is qtot^^ ^ 
than 90 „n, o ■ ° separate the less 

tnan so size range of na-rn^i^^ 

Sieve Shaker- ^ , Particles using a csc Scientific 

Shaker, model 18480 at setting*. 5 for 15 minutes. 

Compngif T 

Composition I is prepared -In t-v,^ 
r.r.^^ y^^P^rea m the same manner as 

r — ^• 

granules ^sing is completed, the 

llZt s d ^ '^^"^^ ^^''^'^^^ «^^>- 

tigure 6 demonstrates a typical r^^^t-^^i 

after grinding. ^ "^""''"'^ distribution 
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Shaker, .odel X84eo. at settin/. s L. rs '''^ '^^^^ 

)j ^.:> tor 15 minutes. 

composition j is prepared in the sam. ™ 
co^osition 0 fro. .elation through 30 rent""' 

After the chemical processing '""''^^ " 

granules are ground in 'a /e irndlT.""' 
" Figure 6 demonstrates a typical oa^T " 

after grinding. ' ^^^'"^^^^ ^^^^ distribution 

The resulting powder is sieved ^o 

si.e range of particles usin^ cL s'"''' = 
Shaker, ^odel 18.80, at setting'. 3 for ''^^^ 
15 The density under 103421 P. ,1 "^nutes. 

Conductivities of k ^^'^ ^"'^ 

ivities of each composition H, r and t 

the manner described above ar^ nteasured in 

reported graphically in Figure 9 " '"^ 




These results illustrate the effec^ 
and pacing density under a 10 "x pa T'"'^ ^'^^ °" 
compositions H, l and j are an 

invention but have different °' ^^^-"^ 

A- illustrated by a coif "'""^''''^ 
^' ^ decrease in partL le "si « - 

pacing .ensity. bowever th dec^ea TT'^ 
leads ,0 decreased . at pressur I of .3^^";: ^'^^ ^^^'^ 
"^3.22 Pa. At the larger particle si.e ranae 

Size range represented 
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by Examples I and t ^» ; 

f ± ana j, an increase in na7-^i.-^^ 
constant nark-in^ ^ • Particle size at 

udut. pacJcang density leads 

y ^ttdQs to an increase in TC. 

5 This example illustrates the effect of th. ^ 

' Compositions l m ^r,ri m 

P.O.... jr„ «r„T~:"r"' 

are as follows. I'urther details 

For the gelation step th^ rs. i ^. 
For approximately 800 .1 gel ^^o TT 
ciispensed into a jacketed If 

-lution is titrate? : L t^.^rrr 

- ^Ooc. .He solution addition iTs'T'^" 
titration is continued until the pTL S I cr : 
meter, n.odel 320, and a Corning ''Tin.'' „ ^" 
Electrode wi.. tei^erature >: ' 

coming. used L^^^Hr^- ^ - 

appr^L: ,;\r:i - 

the containers are plld , t""'"^^"" 
minutes. After the Lo' 

~ into^;;:: 

Por the salt Is Jn?;: P-cessing. 

With roo. temperature d^iol :;d ^^'^'^"^^^ 

water s times, ist water 
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IS 



20 



25 



wash is overnight^2nd through Sth^.h • . 
-ash volume ratios are 15-1, . "^'^-'-i^tes . All 

r. , (waterrgel) 
For the aging step, the excess water is 
only the pore fluid is retained. Tre ! "l"""' 
5 aged 15 hours at 50»C. granules are then 

For the solvent exchange step th. 
exchanged .a ti^es with acetone a 

remove the water. The exchana. '°""^^^-'="-«nt -ode 

volume ratio of i • i (aceto Performed with a 

J.. J. (acetone : gel) fnr = ™* ■ 

' for each exchange at rool l "™ °' 

A second solvent exchange step TsT^f" " 
are exchanged . times with Z^Z Z T. 
■node to remove the acetone Th. . counter-current 
a volume ratio of i^.p..r.e:,.lTZ?:T^ " 

minutes for each exchange at rol I °' 
-nules are then place! if^O rm Tfirh t"^ 

~:h lane al^; """^ 

For the TOCS treatment step trim.^y, , 7,' 
(TMCS) is added to the gel/heltane ''"^"^''^"^ 
0- . ™CS/g wet gel for 3 1^;::^ ^ ^^^^ of 

For the solvent removal sten 
in a 160.C oven for overnight ^^^"'^ 

After the chemical processing a 
granules are ground in I cof fe ' 

Figure 6 demonstrates a typical 121. ' '^^'^ ' 

after grinding. ^ ^^"""^^^ distribution 



Composition L is prepared in ^h» 
Composition k fr-^^ ^ ^^""^ manner as 

granules ar-^ . Processing is completed, the 

3 anuies are ground in a coffee orin^» 

Figure 6 demonstrates a typical , ' " 

after grinding. ^ ^^^^^ distribution 

The ground aerogel sample is . 
carbon Black CB-A to give f '^^^^^^'^^^'^ "i^^ unmodified 

gxve 15% by weight mixture of carbon 
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unitorm appearance is achieved. 

ComnnQ T r -j 

5 For the gelation step ' th« 

^or approximately 300 .I 'l 4r " "'^iii-d. 

dispensed into a jacketed b I 

--^on.is titrated";:: - 

at20oc. The solution addition IT "^^^^^ 
^0 PH Of 3 is reached, the carbon m ' - 

- the solution is s^IZTJIIZT' " ^^^^^ 

A modified carbon black CB a/ 
by combining 2.79 g of modJf,^ "^""^'^ ^^^'^'^ " prepared 
Of water and sonicatLg fo: - ""^'^ '^"^ " ^ 

5 added carbon black and water ar'^T' °^ 
total solids content of the' i ^"^^ ^^^^ ^^e 

-ample as. of the gel composition bT '^""^ ^^^^ 
■nodified carbon black CB a ^^^P^^^s 

corning pH meter, mode 320 anT T'' ^ ^ 

combination Electrode with autlat' ""^ 
compensation (Coming, ino Co" '^-P-atare 
measure the pH. Corning, ny) was used to 

The sol is then poured into casting 
approximately so ml Teflon* contl 
the containers are Placed into an't' 
minutes. After the so-c o' 
extruded into 3000, x 30oo:i '""^ 

^or the salt wrsring IVThV""'^"' ^^^^^ 
«^th room temperature LoZ^^JJ^f.' ^'''^^^^^^ 
at a volume ratio S:X (water.-gelP " ' 

For the aging step, the excess war»^ • 
-ly the pore fluid is retained tI! 

aged 60 minutes at 8OOC. " 9^*n"les are- then 

For the solvent exchange sten th» 
exchanged 5 times with acelne t' 

econe to remove the water. The 
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exchanges are performed with a vol,, 

(acetone: gel) for a min' ""^^^ °^ « = 1 

lor a minimum of 90 minnt-»„ c 
at room temperature. minutes for each exchange 

A second solvent exchange steo i , , . 
S are exchanged 5 times with heptan! . 
The exchanges are performed at ! 1 
(heptane:gel) for ! J ""^^^ 6:i 

at room temperature. " " "'""^^^ exchange 

- -crirad^t^vre^^^ 

0- . ™cs/g wet gel for overn IT '^^^^ 

^-atment, gels are washed twTce in he^ 

unreacted tmcs. neptane to remove any 

For the solvent removal sten ^h» 
^= in a 50OC oven for 4 hours. "I"; ^^-^d 
- a aooc oven overnight, and the final 'T'" "'^^^^ 
3tep for the granules is 2 hours " ""■"""^^ 

After the chemical processTnV" ' 
granules are ground in I 17Z ^he 
•■0 Pi^re . demonstrates a t^Lal '"t ^ ' 

after grinding. ' ^"'^^^^^ distribution 

Composition N is prepared in ^h» 
5 Composition P above. ^^""^ ^« 

The density under a 103421 p» i ^ 
conductivities of each composition k l"^ 

the manner described above are as ""'^^"^^^ 
reported graphically in Figure 11 ^"'^ ^''^ 
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0 




These results illustrate the effect of ^. 
presence of an opacifvin^ ^ 
-der a Z03421 Pa °" ^^^^^^^ <^-3ity 

For a given amount of opacifif.,- • 
carbon black, the nature of tZ T P""="lar 
opacifier and the remaining "i^'^^O'^ehip between the 
affect the sol T;::! cT'°"^"^ °^ ^^^^^^^^O" 
A comparison of tTZl TT" °' '^^^ 
the TC Of composition K xllltTr'"""' " 
Of an opacif,i„, agent reLe '^^^^"'^^ 
Hxample are achieved by composition 111^" '^^^^ 
oPacxfying agent „Mch is "attacC. to tf f " 

to the gel precursor. 

This example illustrates the eff..^ . . 
carbon black opacifying agent on TC^ °^ ^ 

comprsronis°p~:::jrg"^ 

CB-A. composition Q i, also 1. ^ ^l-c'c 
carbon black CB-^. cal"\V''^'"" ^ ""^^""^ 

in Example i above. " '''^^'^ ^^'^ described 

Compositions 0, P and n = 

as follows. ^ Further details are 
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15 



0 



composition N is prepared in the sam. 
sa.e co.posit.on as Composition K aW ^^'"'^ 

Compn«^i|-^^^ p 

For the gelation step, the s?- 
utilized. 5^-alternate solution is 

For approximately sonn mi -i 

xa a jacketed reaction r 
solution is titrated into the stild an, . T 
- 230C. solution addition rate L . 

the pH is 3. Once a pH of 3 i« ! ""^^^ 

black/water slurrv i/ . '^'^ ^^'^^'^ 

Slurry is added and the solurir>„ • 
several seconds. solution is stirred for 

A modified carbon black CB-A/waf-». ■, 
by combining .5.43 g of «>odified carl T 
-d sonicating for 2 .i„utes ^"'^ .1 of water 

black and water are calculated slh^TaT^H^' ^^^""'^ 
content of the gel regains the sale Z th 
of the gel composition bv ^ Example, io% 

black CB-A. «">P^i«es modified carbon 

addition rate of l/:i i ' /h" """^ °^ = " ^ 

HXasxoH, and a Cole-Parmer pH H^TrJe """f; ""^'^^ 

used to measure the r,H ^^^^trode, model 5662-31, was 



The sol is mixed in the rf.a<.^^^ 
after a pH of S is reached Te ^o" Th " 
two 29.21 cm X 17 73 cm " ^^""^ ^"to 

containers (...s i„ch x 7 L" x'^'^TT'T ^^^'^'"^ 
containers, . The containers are place' 
25 minutes. After the eson ^ """^ 

extruded into 3000. x 3 00, rrs-s"' 
gel is extruded into 4 lit"" 

°^ "ater for overnight . 
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Placed in a v.oc , V2 houj '"""'^^ 

For the salt washing step, the granules ar. . 
' -th room ten^erature daionized watL 2 t . ^^^^^"9-^ 

remove the water. The exchanges are T^r^'™"^ ^° 
volume ratio of 3 a (acetone gel, " '"""^^ ^^^^ - 
minutes for each exchange at 'L! . ^ °' " 

are exchanged . ti.es with heptane in a '"""'^^ 

-de to remove the acetone IT " ^°-"ter-current 

a volume ratio of t-t 1 exchanges are performed at 

otio ot 3:1 (heptane .-gel) for a mi„- 
..nutes for each exchange at ro!m Liperatu " " " 

(^cri^r trt:r;r-' ne 

0.1 g TMCS/g ^et gel for""^ ^ ^^^^ °^ 

For th. r * °^ 3 hours, 

tor the solvent removal steo 

after griMing. P"Ucl, .i,. dlstrll>„ti„„ 



composition Q is prepared in the sa™. ™ 
Composition M above. ^""^"^ ^« 

The density under a 103421 P;, ^ . 

conductivities of ^"'^ Thermal 

vities of each composition 0 p anH n 

the manner described above, are as fj ""'""^ 

reported graphically in Figure 12 " 
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Compos it 



ion I Modified 
CB-A 
^ f by 
weight 



O 



Packing I •p^ 



Deni 



at 



^^ty 133.322 



103421 Pa 



10 
15 



lis 

128 



Pa 



TC 



at 



7.59 



111 



5.42 
4.89 



^333. 22 
Pa 



8.43 
6.06 
5.50 



TC at 

13332.2 
Pa 



9.61 
6.61 



These results illustrate the effec^ . 
"rbon black opacifying agent on "c °' ^ 

-hxch include opacifying agents H ^ and Q 

-.position 0, Which does not In . T '^^''^ ^^^"^ 
composition Q, With a higher al '' " ^P-^^y-g agent, 
lower TC's than .o^.l^ulTr 
It Should be clear!., . J 
P--nt invention .J^/ZtXT ^^^^ °^ 

are not intended to iLTt'e '^^"""^-e only 

Axmic the EcoDe nf • 

"Pe or the invention. 
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Claims .- 

load/at 20^'7'ZllV°^''°''''°'' ^^^^'^ ^ I03.2x Pa 

t:,^ ^ pressure (pi wShk- ^ 

^^^^ ^^^^ ^^^^^ 

a Thermal Conductivity (tc) at 
less than or equal to 0.260inP " ^^^'^^^ • 3^2 Pa of 

(mW/m.K) and a TC at 13^^ ^-^ ^ -^^-rnilliwatt/meterK 

^" "^^^^ composition of claim ■> ^v, 
composition comprises a a.i "^^^ ^el 

agent . ^ component and an opacifying 

^' composition of cl^im ^ u 

- agent comprises carbon blac. a^J^rr^'" ^^-^^V^ing 
composites comprising carbon blac: 1 
mixtures thereof. "^''^^ °^ide or 

5. The composition of claim a u 
25 composition comprises greater than " 

«eight, opacifying agent. " '"^^^ '° 

agent is I^rbirbrack'"'' °' ' '^''^ opacifying 

3 0 

^- The composition of claim 9 u 



49 



SUaSTFTUTE SHEET (RULE 26) 



PCT/US97/16S20 

9- The composition of claim 2 wherein ^h 
has a an average particle size of b.^ 'composition 

of between 50-500 microns. 

' compositioit:?::'''°" °' ^^^^ ^ ^^-^^^ ^^^^ 

- ~t an. an opacif^: a^TnTtT.r """^ ' 
having under a i0342i load at 2o''- c . 
vithin the range of 133.322 - 1333^ I " ^ ^"^^"""^^ 
a packing density of less than 
- TC at 133.322-1333 322 p ^ '° 
^ 0.2601n.^. 4.53 milliwatt/meterK 1 '"^'^ °" ^"^^^ 
1333.322-.3332.2 Pa of less' an ' ' 

0-47) mW/m.K; ^" °^ ^"J"^! to (0.8241nP ^ 

ana ^^^"^^ -"^-^ - between 50-500 microns,- 

a porosity of greater than or e^al too. 50. 

whereL'^hl'lpa^L';^^^^^^^^ - ^1 

pacifying agent comprises carbon black. 

Nitrogen, has: ^333. 22 Pa, in 

a packing density of less ^h=,„ 
and '^'^^^ or equal to 160 kg/m^ 

- Of less than or egual to s.. mW/m-K. 

the c^posITion'Tsr'T ^^^i™ X3 wherein 

IS a gel composition. 
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15. The coniposition of claim iTramTein hh» , 
composition comprises a ooi ^nsTexn the gel 

-^^ipiTises a gel component and an ^ ■ 

agent. opacifying 

16- The composition of claim is wherein ^K 
opacifying agent comprises carbon blackact 
graphite; composites comprising carbon M r^^' 
oxide or mixtures thereof. ""'^ ""^^^1 

The composition of claim 16 wherein th. . 
composition comprises greater than or e^ual to 3^ 1 
"eight, opacifying agent. *' ''^ 

18. The composition of pia,„, t^- . 
IS opacifying agent is carbon bll ^ 

densitTis"™'"^'^ '^'"^ " ^'^^ --^ing 

IS less than or equal to 140 kg/m^ . 

20. The composition of claim u 
lesG m=„ Claim 14 wherein the Tc i<. 
less than or equal to 6.1 mW/m.K. 

21 . The composition of claim 14 wherein th. 
composition has an average particle 

25 microns. Particle size of between 50-500 

22 . The composition of claim 14Vwherein th. 
composition has a porosity of greater IZ 

0.90. greater than or equal to 



20 



30 



35 



having under a 103421 lo^rit ^'VlrT'^^" 

of 1333.22 Pa, in Nitrogen: ^ Pressure 

a packing density of lea<5 hh=„ 

/ "I less than or equal to icn i. / 

a TC of less than or equal to 6.4 mW^m-K; 
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an 

and 



average particle size of between 50-500 microns; 
a porosity of greater than or equal to 0.90. 

' Wherein "th!"' Paniculate gel composition of clai. 23 
wherean the opacifying agent comprises carbon black. 

25. A particulate composition which under a 103421 p. 
load, at 20" r J.uj42l Pa 

^" C, and at a pressure- of 133 322 Pa 
10 Nitrogen, has: ^^-^22 Pa, xn 

a packing density of less than o>- ^ -, ^ 
and °^ ^"^^^ ^° ISO kg/m^ 

a TC of less than or equal to 5.B mW/m-K. 

^ 26. The particular 

the composition is a gel composition. 



e composition of claim 25 wherein 



27- The composition of claim 26 wherein the gel 
composition co^rises a gel component and an opacif'Lg 



3 agent . 



28. The composition of claim 27 wherein the 

grLLtr ''^■"^"-^ «-^n black; activated carbon- 

graphite; composites comprising carbon black and metal 
oxide or mixtures thereof. 

29. The composition of claim 2ar wherein the ael 

composition comprises areafsr- ^v, ^ 

li'uses greater than or equal to 3% 

weight, opacifying agent. ' ^ 

on..J°- '"''^ "^^-^^^ition of Claim 28 wherein the 
opacifying agent is carbon black. 



<iensit""ists:T:'::°" "^^^^^^ -^^'^^-^ 

y IS less than or equal to 140 kg/m3 . 
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30 



^2. The composition of claim-^- . 
less .Han o. e,u.l eo .w/.-k ^'^^^^^^ 

33. The composition of claim :.<: u 
5 composition has a = <^herein the 

ii<as a an average Darhi^i- 
500 microns. Particle size of between so 

34- The composition of claim o<r u 
composition has a porositv ^ ^""^^^ 

10 0.90. porosity Of greater than or equal to 



35. A particular^ rr t 
having under a 103421 Pa composition 
3 packing density of i 

- of less than or ZllToVl "° '^^Z-^'- 

an average particle slZ Jl / 
and °f t>etween 50-500 microns; 

a porosity of greater 

greater than or equal to 0.90. 

y sgenc comprises carbon black. 
37. A particulate compositir.r, u- . 
load, at ambient te^erature LT.t ""'^^ ^ ^"^^^ 
Pa, in Nitrogen, has: ' \f Pressure of 13332.2 

a packing density of less hh= 
and ^ "^han or equal to iso kg/m^, 

' °' - equal to 9 mw/m.K. 

-posrtL'Ts^'trc:irt''°" '^^^^^ «^-^i« 

yej. composition. 



3 5 

39. The composition of claim u 
composition comprises a a.T "''^'■"^ 9^1 

agent. ^ ' component and an opacifying 
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^0. The composition of claim -^q wv, 
onacifwi*,« <-J-aim 39 wherein the 

opacxfymg agent comprises carbon black- • T. 
graphite; composites comprising t ^""^"^^ "^^on; 
S oxide or mixtures thereof" '''''' """^^ 

"=°™P°«ition Of claim 40 wherein fh» . 
composition comprises greater tn. ''"^^^^n the gel 
. sreater than or ecmal ^^ n» 

weight, opacifying agent 

10 

42. The composition of claim in u 
opacifying agent is carbon blac" 

43. The composition of claim 3fl wh« • 

44. The composition of claim "^fl - 
less than or egual to 8 mW/m-K '""^ 



20 



25 



45. The composition of claim ^fl • 
microns. °* between 50-500 

46- The composition of claim 38 wherein ^^, 
-position has a porosity of greater ZlZ 

~ a^nt:::;- ::r i™-- ^ 

having under a 103421 Pa load at -"P^^ition 

at a pressure of 13332 2 p. temperature, and 

1JJJ2.2 Pa, xn Nitrogen- 

a packing density of less than or egual to 1,0 kg/m3 
a TC Of less than or equal to 9 mW/m-K- ^ 
an average particle size of h.^^ 
and °^ between so-soo microns; 

a porosity of oreai-o,- n,- 

greater than or equal to 0.90. 
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agent comprises carbon black. 

49- A gel cotnoosition n>-^^ 
trying having a porosis, o" ZTZ^T^''' -PercrlUcal 
and a rod density of less th! ^"^^^ 

iess than or equal to lOO Jcg/„,3 . 

50- The gel composition of claim u 
composition comprises- ^ „ i wherein the 

" «9ent. ■ ^°n,ponent and an opacifying 



51. The gel composition of cl;, in, 
opacifying agent is carbon black. 



15 



52. An 
composxcion of claim i. 



liaT comprising t 



he particulate 



53. The i 



insulation body of cla: 

composition 



55. The insulation body of r 



culate 



57. The insulation body of m = ^ a 
particulate composition is a „ f "^^^^ 

■^s a gel composition. 

n as a gel composition. 
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ru. ? • '''^ insulation body of clai. 

thermal insulation medium in a r-.f ■ " ^ 

m a refrigeration appliance. 
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